Phragmites australis for sludge dewatering and stabilization processes have been widely proved. The presence of reeds, indeed, efficiently allows solids dewatering and organic matter stabilization in order to obtain a stabilised product that can be suitable for land application, even if its environmental impact has to be considered. The actual revision of the European Union's Working Document on Sludge (2000), in fact, seems to be addressed to detect two principal categories of pollutants in sludge for agricultural use: heavy metals and toxic organic compounds. In this study are presented results about sludge stabilization and monitoring of heavy metal fractionation and organic compounds in four urban wastewater treatment plants managed by Acque S.p.A., (Tuscany, Italy). To evaluate the process of sludge stabilization parameters were determined that highlight the biochemical and chemico-structural properties of sludge organic matter. The results showed that stabilization of the sludge over time occurred as shown by the low content of water soluble carbon and dehydrogenase activity, and by the re-synthesis of humic-like matter highlighted by the pyrolytic indices of mineralization and humification. Results about fractionation showed that heavy metals were retained in fractions related to the stabilized organic matter. Moreover, toxic organic compounds showed a drastic reduction at the end of the monitoring period.
INTRODUCTION
The effectiveness of sludge treatment wetlands (TW) in treating and stabilizing sludge has been clearly proven (Nielsen (Table 1) .
For each bed was taken five subsamples, which were mixed in order to obtain a representative sample of each bed. The samples were collected near the gravel layer. The plant material was removed from samples. About 20 days before the sampling, the sludge applications were stopped.
Methods
The following parameters related to different aspects are analyzed: and pyrolysis was carried out at 800 W C for 10 s, with a heat gradient of 10 W C/ms. The probe was directly coupled to a 
Sludge

RESULTS AND DISCUSSION
Sludge mineralization and humification
All results about sludge mineralization and humification are presented in Table 2 . Even if TOC and TN content had not shown very significant changes during the time, the mineralization of organic matter was highlighted in all TWs, both by the impressive decrease of dehydrogenase activity and, by the significant decrease of WSC (Table 2) 
Sludge toxicity
Heavy metal fractionation
The total heavy metal content ( The procedure for fractionation differentiated the sludge heavy metals into four fractions:
1. Exchangeable fraction associated with carbonated phase (Fraction 1). Metals are adsorbed on the sludge components and Fe and Mn hydroxides. This is the most mobile fraction potentially toxic for plants.
Reducible fraction associated with Fe and Mn oxides
(Fraction 2). Heavy metals are strongly bound to these oxides but they are thermodynamically unstable in anoxic and acidic conditions.
Oxidisable fraction bound to organic matter (Fraction 3).
It is well known that metals may be complexed by natural organic substances. These forms become soluble when organic matter is degraded in oxidising conditions. This fraction is not considered to be bioavailable and mobile because the metals are incorporated into stable high molecular weight humic substances, which release small amounts of metals very slowly.
Residual fraction (Residual Fraction). The residual solids
mainly contain primary and secondary solids that occlude the metals in their crystalline structures. They are considered to be not extractable and in an inert form.
Results about fractionation showed that the sludge phytostabilization, activating the humification process, enabled heavy metals to link tightly with humified organic matter, thus making them less available in the environment after 48 months of treatment (Figure 1) . In fact, most of all metals were linked to fractions less available to vegetation, such as 
Toxic organic compounds
In order to understand the effectiveness of TW process in degrading toxic organic compounds, sewage sludge deriving from conventional activated sludge of each WWTP were Similar studies about the decrease of toxic organic compounds in sludge treatment wetlands and the importance of aerobic conditions for their degradation were found by Nielsen (); in fact, in this paper a higher reduction of hazardous organic compounds were found at surface and subsurface layers, where it is supposed to be higher oxygen diffusion.
Statistical analysis
The principal component analysis (PCA) is a multivariate statistical data analysis technique which reduces a set of raw data to a number of principal components that retain the most variance within the original data in order to identify possible patterns or cluster between objects and variables (Pardo et al. ; Fuentes et al. ) . In order to minimize the number of variables, the contents of different metal fraction were transformed from mg/kg to meq/kg and then the content for each fraction was summed. The PCA of the data set indicated 75.5% of the data variance as being contained in the first three components (Figure 3 
CONCLUSIONS
The study demonstrated the efficiency of the process of mineralization and humification of sludge organic matter occurred in all the four systems, thus highlighting the suitability of sludge TWs to different plant sizes (4,000-30,000
p.e.) and organic loading (38-67 kg dw/m 2 year).
The phytostabilization process is validated in consideration of three main aspects:
1. Progressive stabilization and humification of sludge organic matter, as shown by the decrease in enzymatic activity and soluble forms of carbon and by the opposite behaviour of pyrolytic indices of mineralization and humification.
2. High reduction of organic pollutants due to the aerobic metabolism insured by plant action.
3. Low bioavailability of inorganic contaminants as a consequence of the formation of organic matter-heavy metal complexes.
Finally, both organic matter stabilization-humification and detoxification process can be well monitored by appropriate integration of specific biochemical, chemical and chemical-structural parameters.
